Background While parous women are known to be at an increased risk of gallbladder disease, little is known about the effects of other reproductive factors such as breastfeeding, age at menarche and age at menopause.
Introduction
Symptomatic gallbladder disease is one of the commonest reasons for hospital admission among women in developed countries and incidence rates peak in middle age. 1 There is substantial evidence suggesting that oestrogens are involved in its aetiology. 2, 3 Results from studies that have examined the effect of a woman's reproductive history on gallbladder disease are not always consistent. [4] [5] [6] [7] [8] [9] [10] The number of children that women have had is frequently reported as a risk factor for gallbladder disease 2, 11 but some studies have found no association 8 and it is unclear whether the risk increases incrementally with each birth. [4] [5] [6] [7] 9 There is little evidence regarding the effect of other reproductive influences such as breastfeeding, the age at menarche and the age at menopause on gallbladder disease. We report here on the relationship between these reproductive factors and the risk of hospital admission for gallbladder disease in a large prospective cohort of middle-aged women.
Methods

Study population and definitions
The Million Women Study is a prospective study that recruited 1.3 million middle-aged women mostly aged 50-64 years-old through National Health Service (NHS) breast screening centres in England and Scotland during 1996-2001. Women completed a baseline questionnaire on entry to the study (available at www. millionwomenstudy.org). Sociodemographic details, anthropometric measurements, the use of exogenous hormones and a brief medical history were collected. As well, women were asked about their reproductive history including their age at menarche, age at menopause and number of births. A question on the duration of breastfeeding for each birth was added to the baseline questionnaire after the first 9% were recruited. All participants provided written consent to be included in the study and the Million Women Study has been approved by the Eastern Multi-centre Research Ethics Committee.
For outcome ascertainment, participants were followed-up through computerized databases of NHS hospital admissions, deaths and cancer registrations using their unique health care number (NHS number), date of birth and other identifying details. The NHS hospital episode statistics (HES) contain a record of all NHS hospital admissions from April 1997 in England 12 and the Scottish Morbidity Records contain similar information from January 1981 in Scotland. 13 Up to 14 clinical diagnoses and 12 procedures are coded according to respectively the International Classification of Diseases (ICD-10) 14 and the Office of Population Censuses and Survey Classification of Surgical Operations and Procedures (OPCS-4). 15 As it is symptomatic gallbladder disease that is of clinical importance, for the purposes of this study, a woman was defined as having gallbladder disease if she had a hospital admission with either a primary diagnosis of cholelithiasis or cholecystitis (ICD-10 code K80 or K81) or a procedural code for an excision of the gallbladder (OPCS-4 code J18) after joining the study. Analyses were conducted using any diagnosis of gallbladder disease as the outcome and then the main analyses were repeated using 'excision of the gallbladder/cholecystectomy' alone as the outcome.
Analysis
Women were excluded from analyses if they had a cancer (except non-melanoma skin cancer, ICD-10 code C44), an admission for gallbladder disease before recruitment or if parity was unknown. Cox regression analysis was used to estimate the relative risk of gallbladder disease in relation to parity (in the categories nulliparous, parous, 1, 2, 3, 4 and 5þ children, and as a continuous variable), age at menarche (<13, 13, 14, 15þ years), the age at menopause in postmenopausal women (448, 49-51, 52þ years) and for women with information on breastfeeding, the total duration of breastfeeding (in the categories never, ever, <6, 6-11, 12þ months, and as a continuous variable). As the total duration of breastfeeding is associated with the number of births, the effect of breastfeeding was also examined as the duration per child who was breastfed within subgroups of individual parity. The duration of breastfeeding per child breastfed was calculated using a woman's total cumulative months of breastfeeding divided by the number of children the woman reported having breastfed.
Person-years were calculated from the date of a woman's recruitment into the study to the date of the first hospital admission for gallbladder disease, death, emigration or end of follow-up, whichever came first. The last date of follow-up corresponded to the date beyond which the hospital admission databases were incomplete at the time of linkage (in England this was March 31, 2005 and in Scotland December 31, 2003). For a small proportion of women (5%) who were recruited in England before hospital admission data was available, person-years were calculated from April 1, 1997.
All analyses were routinely adjusted for the potential confounders: age at recruitment (in 2-year categories), region of recruitment (10 regions), socioeconomic status (in quintiles using the Townsend deprivation index, 16 a score based on each participant's postcode of residence, which takes into account census information regarding employment, overcrowding, car and home ownership), body mass index (<22.5, 22.5-24.9, 25-27.4, 27.5-29.9, 30þ kg/m 2 ), smoking (never, ever), hysterectomy (yes, no), use of oral contraceptives (never, ever) and hormone replacement therapy (never, current, past). Adjustment for parity and breastfeeding was also made as appropriate. Additional adjustment for alcohol intake and past medical history was also tested. All analyses were conducted with the STATA 9.2 statistical software package. The effect of breastfeeding on rates of cholecystectomy in parous middle-aged women was estimated using the calculated relative risks and breastfeeding rates from the 1970s.
Results
There were 1 289 029 women (96% of the cohort) included in the analyses. At recruitment women had a mean age of 56 years, mean parity of 2.1 and parous women had last given birth an average of 28 years previously. Follow-up was for a mean of 6.1 years per woman and during this time 25 112 women had a first admission for gallbladder disease, an incidence rate of 1.6/100 over 5 years. Of the women who had an admission for gallbladder disease, 87% (21 735) also had a cholecystectomy on the first or a subsequent admission, giving an incidence rate for cholecystectomy of 1.4/100 over 5 years. Admissions occurred a mean of 3.4 years following recruitment. Table 1 shows baseline characteristics of the study participants according to parity. Body mass index (BMI) and the percentage of women with a hysterectomy appeared to increase with increasing parity while average alcohol intake decreased with increasing parity. There were no consistent trends for socioeconomic status, smoking status and use of exogenous hormones. Age at recruitment, age at menarche and age at menopause did not differ substantially by parity. Among parous women, the percentage of women who had breastfed and the mean duration of breastfeeding (both total duration and duration per child who was breastfed) increased with increasing numbers of births. Regarding the duration of breastfeeding, socioeconomic group was found to be somewhat higher in those who breastfed for longer. The percentage of women in the highest socioeconomic tertile was 31.3, 34.1, 36.8 and 37.9%, respectively, in women with a total duration of breastfeeding of, 0, 1-5, 6-11 and 12þ months. Table 2 shows the association between parity, age at menarche, age at menopause and the risk of gallbladder disease. Overall, parous women had a higher risk of hospital admission for gallbladder disease than nulliparous women (adjusted relative risk 1.24, 95% CI 1.19-1.30). Among parous women the risk increased with increasing parity (adjusted relative risk per birth 1.08, 95% CI 1.07-1.09). The risk estimates obtained for parity ranged from 1.07 to 1.08 when additional adjustments were made for alcohol intake and pre-existing medical illnesses (treatment for high blood pressure and a history of high cholesterol). Neither women's age at menarche nor their age at menopause appeared to be related to the risk of gallbladder disease admissions. Comparing women who had their menarche aged 15 years or older to those aged 12 years or younger the adjusted relative risk was 1.00 (95% CI 0.97-1.04). Comparing post-menopausal women aged 52þ years at menopause to those aged 448 years the relative risk was 0.97 (95% CI 0.90-1.03). P-values for the trends of association were P ¼ 0.4 and P ¼ 0.3 for the age of menarche and the age of menopause, respectively. For the outcome of cholecystectomy alone, the effects of parity, age of menarche and age of menopause were similar to the results for all gallbladder disease. The relative risk of cholecystectomy for parous women Mean alcohol intake (g/day) (SD) 7.0 (8.5) 6.1 (7.6) 6.5 (7.5) 6.1 (7.4) 5.0 (7. There was no association with the age of menarche nor the age at menopause. Table 3 shows the relationship between hospital admissions for gallbladder disease and breastfeeding in analyses restricted to parous women and adjusted by parity (1, 2, 3, 4 and 5þ) in addition to the other factors. Breastfeeding was associated with a reduced risk of gallbladder disease (adjusted relative risk for ever breastfeeding compared with never 0.92, 95% CI 0.90-0.96) and there was a decrease in the risk with increasing total duration of breastfeeding (P < 0.0001 for linear trend). For every year of breastfeeding the adjusted relative risk of gallbladder disease was 0.93 (95% CI 0.90-0.95), i.e. a reduction in risk of 7% (95% CI 5-10%). When we examined the effect of breastfeeding with additional adjustment for alcohol intake and other medical illnesses the calculated risks did not alter appreciably. Similarly stratifying our analyses by parity did not alter the results. The relationships were also similar for the outcome of cholecystectomy alone.
The adjusted relative risk of cholecystectomy in women classified as ever breastfeeding compared to never breastfeeding was 0.94 (95% CI 0.91-0.97) and a total of 12 months of breastfeeding resulted in a reduction in the risk of cholecystectomy by 7% (95% CI 5-10%).
As the number of births in parous women is related to the likelihood of breastfeeding and the duration of breastfeeding (Table 1) , we compared the effect of the duration of breastfeeding per child breastfed on the risk of admission for gallbladder disease in fine subdivisions of parity. Figure 1 shows the effect of breastfeeding in women with parity 1, 2, 3 and 4þ, compared with nulliparous women. Within every category of parity, an increase in the duration of breastfeeding per child breastfed reduced the relative risk of gallbladder disease compared with those who had never breastfed. The magnitude of the reduction in risk was similar across all groups except in the small proportion of women with 4þ children who never breastfed, but this may be a chance finding.
In UK the reported breastfeeding rate in the 1970s was about 50%. 17 Using the relative risk for hospitalization for gallbladder disease in parous women who 
Discussion
Gallbladder disease is common in middle-aged women with 1.6 out of any 100 in this cohort admitted to hospital for the condition and 1.4/100 having a cholecystectomy over a 5-year period. We found that the number of children a woman has increases her risk of gallbladder disease and that compared with nulliparous women, the risk rises incrementally by 8% (95% CI 7-9%) with each additional birth. We also found that after accounting for the number of children, 12 months of breastfeeding reduces the risk of gallbladder disease in parous women by 7% (95% CI 5-10%). Other factors such as the age of menarche and the age at menopause have little if any, influence on the risk of gallbladder disease. With respect to parity, three prospective studies have reported similar findings to ours, that is, that the risk of gallbladder disease or cholecystectomy increases with increasing number of children. [4] [5] [6] One study found no significant trend although women who had four or more children were at an increased risk 7 and another study reported no association with parity. 26 This approach does not alter the value of the relative risk but reduces the variances attributed to them and allows valid comparisons to be made between any two groups and tests of trend. Floated relative risks adjusted for age, region, socioeconomic status, BMI, hysterectomy, oral contraceptive and HRT use. Only one case-control study examined the effect of breastfeeding on the risk of gallbladder disease, and reported no association once parity was taken into account. 9 However that study involved only 200 cases compared with over 20 000 here, and as the number of births and breastfeeding patterns are closely interrelated, the study had limited scope to make withinparity comparisons. We found that the risk of gallbladder disease increased with each subsequent birth and that this risk, despite what others have suggested, 10 appears to be present in women many years following their last birth. Oestrogens increase biliary cholesterol saturation 11 and ultrasound studies show increases in biliary sludge and stones in pregnant women. 18 Hence our findings could be explained by the fact that with each pregnancy, there is a repeated exposure to high oestrogen levels, resulting in a cumulative increase in the likelihood of development of gallstones or the enlargement of pre-existing gallstones and therefore an increased potential for symptomatic gallbladder disease later in life. 11 Childbearing is also known to induce long-term changes to a woman's hormonal balance 19, 20 and this influence may also play a role in the increased risk of gallbladder disease that we found in women many years after they last gave birth.
Breastfeeding was found to reduce the risk of gallbladder disease in parous women. As oestrogen levels are known to fall during lactation 21 it is possible that the protective effect of breastfeeding could be mediated through oestrogen, although there are other hormonal changes that occur with lactation that may also have an effect. It is unclear as to why the age of menarche and menopause did not appear to affect gallbladder disease risk as they do mark significant periods of change in a woman's circulating oestrogen levels, albeit much less dramatic than those induced by pregnancy.
The strengths of this study lie in the large study population which allowed us to characterize the effects of parity on hospitalizations for gallbladder disease more precisely than previously. We were also able to examine the effects of breastfeeding on gallbladder disease in strata of individual parity, thereby excluding confounding by this factor. Our findings showed a generally consistent relationship between an increased duration of breastfeeding and a reduction in the risk of gallbladder disease at every parity (Fig. 1) .
As all women in the study were registered with the NHS at recruitment and we used linked NHS hospital admission records for outcome ascertainment, we would expect to have close to complete ascertainment of hospital admissions for gallbladder disease for all study participants. The hospital admission records are routinely collected and coded independently of the study investigators therefore minimizing differential recording of outcome. As the NHS hospital admission databases contain only some of the privately funded admissions there would be some under-ascertainment of cases. However, the independent and private hospital sector is relatively small in UK 22 and we have previously demonstrated that in this cohort, that was recruited from the NHS breast screening program, few self-reported cholecystectomy cases are not found in the linked NHS hospital records suggesting that any missed cases would be minimal. 23 Information on exposures were prospectively collected and although they were self-reported, we would expect that the number of children, the age at menarche in the categories examined 24 and age at menopause 25 to be relatively accurately recalled. Recall of the duration of breastfeeding may be less precise and we did not ask women for how long they exclusively breastfed. As this was a prospective study, any misclassification of the duration of breastfeeding should not differ according to whether a woman had an admission for gallbladder disease or not and therefore this misclassification would tend to dilute the estimated risk reduction attributable to a defined period of breastfeeding. Furthermore as participants were no longer of child-bearing age, the main exposures of interest would not change during follow-up.
The difference between the fully adjusted and minimally adjusted relative risks for gallbladder disease were found to increase with increasing parity but not for breastfeeding (Table 2 and 3) . This was principally due to the addition of body mass index as an adjustment factor. This indicates that the confounders that we adjusted for, in particular body mass index are important for the effect of parity on gallbladder disease but less so for the effect of breastfeeding. The relationship between parity, duration of breastfeeding and socioeconomic group is inconsistent (Table 1 ) and all our analyses adjusted for socioeconomic status. If breastfeeding is influenced by unmeasured social factors and if such factors were also to influence the risk of gallbladder disease, then some residual confounding may still exist.
The findings from this study are limited to middleaged women and hospitalizations for symptomatic gallbladder disease. However from a public health view point it is women of this age who are responsible for the greatest proportion of the burden of gallbladder disease 1 and it is symptomatic gallbladder disease which results in hospitalization that is of clinical importance. While our study showed every birth results in about an 8% increase in the risk of gallbladder disease, breastfeeding for 12 months reduces the risk by about the same amount. Breastfeeding is already known to protect against breast cancer in the long term 26 and our findings suggest that it can also provide a means to offset the impact of parity on the risk of gallbladder disease in later life.
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